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Traits of shrubsin forests and bushesreveal different life strategies
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Abstract

Aims Shrubs play important roles in both forest and bushland ecosystems. This study aims to identify the
adaptative strategies of shrubs in different habitats by analyzing the differences in functional traits of shrubs
grown in understory of forest communities and in two bushlands.

Methods Nine functional traits for leaves and twigs were measured on samples collected from the dominant
shrub species in 24 plots distributed in three contrasting habitats: forest understory, low mountain bushes, and
bushes on the mountaintop, in Beishan Mountain of Jinhua, Zhejiang Province. The overall differences among
habitats, inter- and intra-specific variations, and differences between life forms in the functional traits of shrubs
were tested by statistical analysis.

Important findings The nine plant traits differed for shrubs grown in the three habitats. The shrubs in forest
understory had higher leaf area (LA) and specific leaf area (SLA), lower leaf dry-matter content (LDMC), leaf
tissue density (LTD) and twig tissue density (TTD), while those in low mountain bushes had greater leaf thickness
(LT) and LTD, smaller S_A and twig dry-matter content (TDMC), compared with shrubs from bushes on the
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mountaintop. The inter- and intra-specific variation coefficients of SLA, twig diameter (TD), TTD, and TDMC
were greatest in shrubs of the forest understory, whereas the inter- and intra-specific variation coefficients of LA,
LDMC, TDMC, and TTD were smallest in shrubs of low mountain bushes. Among different life forms, the
understory evergreen shrubs had significantly higher LT, LTD, and LDMC, and lower SLA, than that of deciduous
shrubs. The differences in LT and S_A between evergreen and deciduous shrubs of the mountaintop bushes were
the same as the understory shrubs, but the differences in LTD and LDMC were reversed. Species and its
interaction with habitat are the major factors affecting the shrub traits. In short, compared to the shrubs from
bushes, the understory shrubs in forest communities form a series of trait combinations with greater LA and SLA,
and smaller LTD, TTD and LDMC for faster growth in order to adapt to the understory environment with less light
and stronger competition; this is a quick investment-return (resource acquisitive) strategy. Shrubs from low
mountain bushes and the mountaintop bushes are associated with a series trait combinations with greater LT, LTD,
LDMC and TTD, and smaller LA, SLA for storing more nutrients and growing slower; this is a slow
investment-return (resource conservative) strategy. Different combinations of shrub functional traits and their
various life strategies can provide guidance to the ecological restoration of degraded vegetation in the subtropical

region of China.
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Fig. 1 Shrub functional traits (mean + SE) for three different habitats in Beishan Mountain of Jinhua, Zhejiang Province. Imb, low
mountain bushes; mtb, mountaintop bushes; uss, understory shrub layer. LA, leaf area; LDMC, leaf dry-matter content; LT, leaf
thickness; LTD, leaf tissue density; SLA, specific leaf area; TBT, twig bark thickness; TD, twig diameter; TDMC, twig dry-matter

content; TTD, twig tissue density. Different lowercase letters indicate significant differences (p < 0.05).
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Fig. 2 Inter- and intra-specific coefficients of variation (CV) in shrub functional traits from three different habitats in Beishan

Mountain of Jinhua, Zhejiang Province. Imb, low mountain bushes; mtb, mountaintop bushes; uss, understory shrub layer. LA, leaf

area; LDMC, leaf dry-matter content; LT, leaf thickness; LTD, leaf tissue density; SLA, specific leaf area; TBT, twig bark thickness;

TD, twig diameter; TDMC, twig dry-matter content; TTD, twig tissue density.

=3 WFh. ATE R AR B EAME IR R e

Table3 Effects of species, life forms and habitats on shrub functional traits

PR Trait YRl Species AR Life form 445 Habitat Li fgfﬁiﬁfm Spjﬁfiiﬁm
F Sg R F Sg R F Sg R F Sg R F Sg R
AR LA 14524 **% 079 2051  **F 002 1609  **F 003 2013 *k* 002 047 k078
MERE LT 82.01 *** 068 187.76 *** (.16 1.14  ns 0.00 9.9  ** 0.01  3.16 o 0.69
HHZZE LTD 31.03  ** 044 0.14 ns 0.00 7949 *+x 017 1535 k¥ 002 383  *x (53
LA SLA 140.51  **% 078 290.78 *** 017 3824 ***x  0.04 1.65 ns 0.00  2.05 ** 0.80
Y& LDMC 99.58  ¥*kx (.72 0.84 ns 0.00 33.02 ** 008 1228 k¥t 001 656  *** 076
NEEEAZ TD 21.82  #kx 036 1148  *k* 0.01 716  ** 0.02 12,68 *** 001 0.76 *x 0.35
ANER R JELEE TBT 60.72  *x (.61 0.08 ns 0.00 1589 *** 004 050 s 0.00  6.04  **x 065
IEALVEE TTD 43.07 *** (.53 328 ns 0.00 11.31  ** 003 324 ns 0.00 328  *** (.53

MEFPF AR TDMC  39.70  **% (.51 323 ns 0.00 2148 *** 005 170 ns 0.00 246 * 0.50

*¥** p<0.001; **, p<0.01; * p<0.05; ns, p>0.05. LA, leaf area; LDMC, leaf dry-matter content; LT, leaf thickness; LTD, leaf tissue density; SLA, specific
leaf area; TBT, twig bark thickness; TD, twig diameter; TDMC, twig dry-matter content; TTD, twig tissue density.
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NI A4 30 AN 5] A 355 o A8 4 1) A 3 s 0 5 1) 22 57
(Wright et al., 2004; Diaz et al., 2016). tb it sedfh
B -lasae s, HHASER. e
R MR P Ak . B, 2R
(1) B Y5 IR B SR 11T A L o U SR P << 18 4% % -
W g i 3, R RO L L R ROK,
TEE. AEEEFRE R WL, BT EURR
SF SR IS (R 22 05 FVRAIRAE, 2014) IXFEIPRIRA &
PRI T AN FIRE AP L D) B 75 SR 78 B & MR 2 Rk
1T 1 B JE AL AT IC B (Funk & Cornwell, 2013;
Heberling & Fridley, 2013; Westoby et al., 2013), M
MDA ES, BRFEENEDZ N, iR
ARG E BRI 527, 2015). &4k
Ly IV AR A A7 AE IR 1) B RS AT SR s, AT I
JREAN [ 1 AR B 1 1 AAA IS A AR
31 EARINEMERNAEEZERNWEREEER
B ZE 5

ARSI, 20FFEAFE D19 M D RE MR TE
RFEARE AR FEN S 1L T A IX 3R [F] A= 858 T
BFEREZES, K TEARNLAMSLAY K T25
WEMVEAR, TLTD. LDMCHITTD) /N T 250 E M
K, TDMCHHZE /N T8 Ll #E M 17 6 K 1Ly T E M
AR(EIT), S B T A A [ A 353 (1) B2 U5 AL A SR B A7
TEZE R o BT ARMEEVE AR EA BT AL A 555 L VB MARE
A D, HM RS i AR ERCOR, AR TR
NREARRT G SRR, B ) - 2H 2R % FE AR
F-COL7E M o 8] [ 1 #% 5/ (Gratani & Bombelli, 2001),
HOL AR RS @RI E, MRS # S
S IME N 4.02 pmol-m s, E N E K SF B A
3.74 pmol-m *+s™"), AT A ' R AS 2 0 He A K 1

RIS AR ARV B R A R R AR S 723

s, A B AU PR AR N S IR (LD et al., 2014;
Rolhauser & Pucheta, 2016). K1, W FEARET
PO R - B . S —O7 T, BRI TR
T W ERE . M5/ SR R DL R B R
S, PRI T AR E AR A KRN 7 43 4 (8] -1l
(Chave et al., 2009; {i:ME%%, 2018; Luo et al.,
2019) o I Py K /NI 5 B /)Nl 28 285 58 (1) sk i 386 K
(Wright et al., 2007), 3 2 [A] (AU ¢ 5 EHAEA 7K
IR, B Al IR UCE 2 9755, IR
BRI R R aT DR PO AT AR R A K, SRR
BRI AR M % & (Chave et al., 2009; Wang et al.,
2017b). ARAREFIE DTN 55 SR B2 K THEN, ART
ARTERH IR EE T 23 50 2 LR 1 TR A KA gk
Do, FNE VR N, AR BUIMGE T BE
559, EARXHAEKEF G, 5 2 TR AL R AL,
AR B BE 22 o I R A2 1F 2E K (Sterck et al., 2006;
Dlugos et al., 2015; J3E# 5, 2018). [k, PR F#E
RIEEKLA, LA /NLTD. LDMC. TTD%:3)
RE PR & DA 9o BE YRR . RUACRE 2 97 7y FH
KR AEK, WER R EHK
PR NIRES, A& BRI E YRR O S

FHIS, T T 2 A A D SR EURH Xof £ < PR AR 25 5
W . SR NREARAALE, BUNFILT. LARISLA, BOKH)
LTD. LDMCHITTD, LASAHXS AR i Ti#E A HEAR
TDMC. TBT (1), SB T #EMEEA A 7] T AIX
B PHIR 2 A SR HRAR A REREE, AT DR AR Kk
B IS TS S R RIS, J8 T AR v - Ui as>
Ao IR LR S FRARER AR S R AR K S B R [ LA 2
B, WEHES, EERFEMNETE, EAEY
W5 S IREE IR, B/NRLAL SLAY) R R
BE . LB FEROR, W RO s TR g
PR TL2H ZAEHE I i PRI P 25 82, AN T T S J2 T /DN R
- (Wright et al., 2004; #7745, 2018), W4
K212, 15 2 1TV i A AT A5 (1 g
(de Smedt et al., 2018). WHBF TR, HHEFHAMH
XTSI e ELAT L B R M e T, A R
IR SYEAURTR 2 A5 T 5 B AR %% (McDonald
et al., 2003), A A HEN 2 BIFR 55 7 EL 2 fifi A7 40
Z(Nielsen et al., 2019). L THHE AT &40 1L =
AR LTAL B, KOJBCR, RREBAR, 2%
FHBEEME RIS, HAEKMEARMER T #t
AN RAERIEA TN . R, PR A FER MY
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BT #BKLT. LTD. LDMC. TTDAIE/NLA. SLA
SRR T35y, HAEKEERIhREERAE,
DAIE B FE YR A PR R 2 R 5 20, A 2 1) 7%
PR T B SR

T P o e DA AR AR LG, AR A EE A AR BT 11
THHE NEAR B BRKIILT. LTD. TDAIE/NMFILAL
SLA. TDMC. TBT, Tfij thi T5#E A EA A 2, JEFH:
JETDMCZE S L 5 25 (1) o 31X — 45 R et 1 P
VEE DA ER BRI R LA <7 Y B YR SR B e mgs, H 3%
WAFTE—EZE T LTI AEARBRIILA. LA
BF LA A B 1 BEUR BRI AR 0, R it A=
£:(Rolhauser & Pucheta, 2016; [[¥#%5, 2019), {HF
KIITOMC. TBTHIE/NFILT. LTD. TDHIPFKH
AR, (HER S AN TR R AR ) DA A R bR
I SCPERE T, AR R I AR A 44, fEAE )
% BARE (M AEEE, 2012; fSIB5E, 2018).
DA FE AR R I, i 4R HE A i B A K
B2 5 5 K44 %5 (Rosell et al., 2014; de Smedt et
al., 2018; Shah et al., 2019). Ll T77E M L Ab %5 = 3,
SRS, HEEE R IR T EA S RN,
DAL M SR R, SR S B A2 06 SRS, (R PR ST R oy
RS, FEARAR S OR P IR P A DA . T UG
VPR AL (AR L L VB AT 100 2 R AR AE B, IR B 2% 1 AH
XL TRHE X H A K&, R b X AR ) 7E
PR P 2 SR BRI (1 SRR IOR IS . 48, 3%
TEVIRNAE AN A TR 22 57, (L TO0E A HR (1 95
BERE Z, MK L AES & W SRR, R IR
(] (R AN DA (LR i) o

A IR R I, At i3 A BT R
FEARPERA B, R 52 EA AR 0 b P 5 b () A 5,
A TFHEARSLA. TD. TTD. TDMCHFf a] Al fh py A%
SR T PR DGREAR, T L T AR ILA
LTD. LDMC. TTD. TDMCHFf py 55 Ffi ] A5 57 24k
FARILEN(ER). BHFRM, B FR@F35).
Az B 3 9 R R 5 A 1) S [F) A FH e AR A MR O
HHE, 2016; #HI5EE%, 2018), At ke BE
5 € & 1 BN RE B AERE VR TR AR AR IR KA, T
YR 3E G S BUES AL, T PR A
(Ackerly & Cornwell, 2007; Auger & Shipley, 2013;
Siefert et al., 2015; 7K, 2018). [ T ¥Fh 535t
B R AR TE RS 2 A, PRBEA B 1) 22 S 3
PERFl Py A )28 57 (1 E ZEH 2R (Jung et al., 2010;
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Lebrija-Trejos €t al., 2010). AHF 5785 S I RRMR V%
BER 2, Prabilgks A B 56 2 R UK,
IEAR N EEARFRE AR 248, EARYIFN & ZX AR
V) A= 58 A8 A [ 03 o P AR A, Eh s Rl bR A S
Ko T LLITHEE A AE I8 5 5 52 S T 55 22 il
B IR 7 B, A [ HE A A= 5838 B P A7 TR 3R
KZES. AR, AR R 2R 71K T4
X TBIE IR SR, REARE )R BRI et 2 5
B R T 5714b(Wang et al., 2014; Vanneste et al.,
2019). T H, K> FEARBH AR A A 5, 7
W REARZ AR T PAE WA 855, RIAIRET S )8
e 12E B A AR AL T B8 PR R I W b 7 S k2R 355 L A7
T P P PR S S B0 AR B N AL ) SRS 04k,
MT 9 /D> W) Fh 5% 4 (Ackerly & Cornwell, 2007;
Siefert et al., 2015), {REHEIE Z WP AT (Auger &
Shipley, 2013; Kumordzi et al., 2019).
32 BRMEMTEAEMREFREERENES
REAEENR

MAETERLE, RN EARZ 15 ZRBE A L TE
KEAB /LA, SLA. TDMCHITD, B AKHILT.
LTD. LDMCHITTD, T tLi THIE M ) 3 SR EA Lk i
HEARBAE/NMISLA. LTDMILDMC, BOKHILT, H
PR 22 AN B (E3) . B RUL, WS YR
MEARPSLA KL EERME MRS S &, &
R, MR, ALK, KEFE AT
Fay 2 875 A 2H 23 CAHRARIA B[R] (PR IR PR 85 1T 5 T 1
KWk, TERLN AR R & P2 i 2 A A K
R, R H AT DU L COL ¥ Bug R, 2 M
6 A % (Wright et al., 2004; Li et al., 2008; 44
2,2012)0 AWFFCE—ESE R R RS2 —5L,
EREA R TR LR S RN, VR MHREAR R TR R
RS, (EIX AP AR BE  1 R — A 35 B A 9 2B i
FEWE XA — 8 W22 5, Ll TOUHE MR I JBE R [ 92 V53R
HURE I TR

AR FEARZ S FAE NS L, SRR
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FITTD (E3), 1 B AR BE R 8 SR 1) BE R R 5
T B 5, AR N EEARZE S5 L TE SR, 7%
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Fig. 3 Shrub functional traits (mean + SE) for different life forms from three different habitats in Beishan Mountain of Jinhua,
Zhejiang Province. Imb, low mountain bushes; mtb, mountaintop bushes; uss, understory shrub layer. LA, leaf area; LDMC, leaf
dry-matter content; LT, leaf thickness; LTD, leaf tissue density; SLA, specific leaf area; TBT, twig bark thickness; TD, twig diameter;

TDMC, twig dry-matter content; TTD, twig tissue density. Different lowercase letters indicate significant differences (p < 0.05).
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5E M(Wang et al., 2017b; BHI51%E%, 2018; Luo et al.,
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